Magnetic resonance studies of fredericamycin A: evidence for O2-dependent free-radical formation.
Fredericamycin A, a newly described potent antitumor antibiotic, exhibits unusual spectroscopic and physical properties. The drug shows a striking color change from red to blue on exposure to O2, with the appearance of an optical absorption band at 675 nm; on addition of acid these changes are readily reversed. 1H and 13C NMR spectra of fredericamycin A show that the resonances from the quininoid half of the molecule disappear after exposure to O2 but reappear on acidification in parallel with the observed optical spectral shift. These unusual NMR data are explained by electron spin resonance studies which demonstrate that fredericamycin A spontaneously forms an oxidized free radical with electron transfer to O2. The observed hyperfine structure of this radical is consistent with one-electron oxidation of the quininoid group. After fredericamycin A is exposed to O2, an EPR signal is observed with axial symmetry with temperature and power saturation behavior suggestive of .O2-. Spin-trapping EPR studies demonstrate that the drug reduces O2 to .O2- and H2O2 to .OH. This spontaneous mechanism of O2 reduction with the generation of oxidized drug free radicals and reduced oxygen free radicals is unprecedented among anticancer drugs, suggesting that fredericamycin A could be the forerunner of a new class of anticancer drug.